Background Since 2003 many orthopaedic journals have adopted grading systems for levels of evidence (LOE). It is unclear if the quality of orthopaedic literature has changed since LOE was introduced. Questions/purposes We asked three questions: (1) Have the overall number and proportion of Level I and II studies increased in the orthopaedic literature since the introduction of LOE? (2) Is a similar pattern seen in individual orthopaedic subspecialty journals? (3) What is the interobserver reliability of grading LOE? Methods We assigned LOE to therapeutic studies published in 2000, 2005, and 2010 in eight major orthopaedic subspecialty journals. Number and proportion of Level I and II publications were determined. Data were evaluated using log-linear models. Twenty-six reviewers (13 residents and 13 attendings) graded LOE of 20 blinded therapeutic articles from the Journal of Bone and Joint Surgery for 2009. Interobserver agreement relative to the Journal of Bone and Joint Surgery was assessed using a weighted kappa.
Introduction
The focus on evidence-based medicine (EBM) during the last decade has drawn attention to the scientific quality of clinical publications. The concept of interpreting medical data in a systematic, standardized fashion initially was proposed in the early 1970s [6, 22] . The first guidelines specifically designed for grading the quality of medical literature were released in 1986 [19] leading to the formation of the Evidence-based Working Group in the early 1990s. A paradigm shift occurred from ''the unsystematic clinical experience, and pathophysiologic rationale as sufficient grounds for clinical decision-making'' to the EBM approach that ''stresses the examination of evidence from clinical research'' [10] . EBM has been refined during the last two decades [20, 22, 25] , requiring physicians to gain new skills for evaluation of the clinical literature. Considerable effort is being invested in following the principles of EBM for medical decision-making; however, the quality of those decisions can be only as good as the data they are based on.
To quantify the quality of clinical data, grading systems for the level of evidence (LOE) of clinical studies have been proposed by the Preventative Services Task Force in the United States and by the National Health Service in the United Kingdom [16, 26] . The LOE of clinical data has been used to quantify the strength of recommendation for clinical decisions [23] and to develop clinical practice guidelines [9, 12-14, 18, 30] .
In 2003, guidelines for identification of LOE in therapeutic studies were introduced to the orthopaedic literature based on the recommendations from the Centre for Evidence-based Medicine [31] . LOE are assigned to therapeutic studies as follows: Level I is a randomized controlled trial, Level II is a prospective controlled study with some methodologic deficiencies, and Levels III and IV are retrospective studies, Level III with a control and Level IV case series with no control. Level V is expert opinion. There are slight variations to the LOE definitions for prognostic, diagnostic, and economic analyses, which were used in accordance with study design. Using the LOE grading system, previous studies have shown an improvement in the number of Level I, II and III publications during a 30-year period in the Journal of Bone and Joint Surgery [11] . A cross-sectional study of numerous orthopaedic articles in 2005 showed that higher LOE studies were associated with a higher journal Impact Factor [17] . Orthopaedic surgery is composed of subspecialties, each with a National Society that promotes education, research, and clinical excellence. The LOE of therapeutic studies published in orthopaedic subspecialty journals has not been studied.
The purpose of our study is to quantitatively analyze the LOE of therapeutic studies published in eight major orthopaedic subspecialty journals before, around, and after the introduction of LOE to orthopaedic literature. These journals did not list LOE for all issues during this period. Some of the journals introduced grading systems between 2005 and 2010, however because of the variation between grading systems of individual journals, all 2010 articles were graded similarly to previous years to maintain a consistent classification system. We asked three questions;
(1) Have the overall number and proportion of Level I and II studies in orthopaedic literature in eight subspecialty journals increased since the introduction of LOE? (2) Is a similar pattern seen in each specific subspecialty journal? (3) What is the interobserver reliability of grading LOE?
Materials and Methods
We sought to determine changes in publication behavior during 10 years. Eight subspecialty journals were identified. These journals were reviewed by five of the authors (BPC, SH, CK, JP, RW), with each author reviewing one to two journals ( Fig. 1 ). Since the journals neither consistently listed the LOE for each year nor used a consistent grading system, the LOE for each therapeutic publication in each journal was graded from 2000, 2005, and 2010 using a previously published LOE grading system [31] . Each journal was examined to determine if the total number and proportion of high-quality studies (Levels I and II) were changing with time. A subgroup analysis then was performed to compare the relative changes among the different journals. To ensure LOE assigned by the reviewers lacked subjectivity and was relatively accurate, interobserver reliability was assessed. Twenty-six reviewers with various levels of experience reading orthopaedic literature evaluated 20 blinded studies from the Journal of Bone and Joint Surgery and assigned a LOE to each article. The LOE assigned to the articles by each reviewer was compared with that assigned by the journal to determine the reviewer's relative accuracy in determining the appropriate LOE.
Eight major orthopaedic subspecialty journals were included in this review: To assess trends, all articles published in 2000, 2005, and 2010 in each subspecialty journal selected were reviewed. All animal, cadaveric, and basic science studies, review papers, case reports, and expert opinions were excluded [17] . These studies were excluded because they are not therapeutic studies, even though they can provide information useful to clinical practice. Therapeutic studies then were graded for LOE by five reviewers (BPC, SH, CK, JP, RW) [31] . Each journal was assigned to one reviewer to minimize the chance for bias by avoiding different reviewers analyzing different years in the same journal. The ability of each reviewer to recognize appropriate LOE was emphasized to ensure accuracy and reliability throughout the grading process. The reviewers selected were orthopaedic residents in their third or fourth year of training that scored an average kappa of 0.83 ± 0.15 compared with the LOE grades assigned by the journal in the interobserver agreement portion of the study.
The change in the number and proportion of Levels I and II studies in the eight subspecialty journals was assessed by first pooling the identifications made by each of the five reviewers in their assigned journals. This generated a count of published Level I, II, III, and IV studies in all journals in each year evaluated. These counts then were analyzed using a log-linear model which used journal, year, and LOE as factors to explain the observed change in the frequency of articles of each LOE with time. To look at the change in total number of high-quality publications the model included only the Level I and II count data. To look at the change in proportion of high-quality publications, the relative change between pooled counts of Levels I and II versus Levels III and IV was assessed using the same model. Log-linear models were constructed and analyzed using CATMOD procedure in SAS 9.2(SAS Institute, Cary, NC, USA), which fits log-linear models to tables of count data.
To examine whether the observed change in behavior was consistent across each subspecialty journal evaluated, an individual log-linear model was constructed for the counts of number of high-level (I and II) and low-level (III and IV) articles for each journal. This model used year and LOE as factors. Statistical results then were compared among journals to determine if the behaviors were consistent. This analysis also used CATMOD in SAS 9.2.
Thirteen orthopaedic residents (Postgraduate Years 1-5) and 13 attending faculty, orthopaedic surgeons (3-30 years in practice), independently reviewed the LOE guidelines and author submission instruction on the Journal of Bone and Joint Surgery website. Reviewers then were tested by assigning a LOE grade to 20 randomly ordered therapeutic studies published in 2009 in the Journal of Bone and Joint Surgery. These 20 articles included five therapeutic studies for each LOE (I-IV), as assigned by the Journal of Bone and Joint Surgery. All reviewers were given access to the full manuscripts but were blinded to the LOE of each article, which was blacked out. Grading was performed under controlled conditions. The accuracy of the LOE assigned by each reviewer was determined by calculating weighted kappa for each reviewer, relative to the LOE assigned to the 20 articles by the Journal of Bone and Joint Surgery [1] , using Microsoft Excel (Microsoft, Redmond, WA, USA). Weights were assigned based on degree of error in identification (Table 1 ). To provide context to weighted kappa scores, overall agreement is reported. Finally, weighted kappa between residents and faculty and raters and faculty were compared using the Mann-Whitney U test in Minitab 1 15 (Minitab Inc, State College, PA, USA).
Results
Five thousand seven hundred thirty-five articles were reviewed with 2479 studies that met the inclusion criteria. The total number of articles published has increased during the 10-year period (Fig. 2) . The total number of Level I and II publications significantly increased across the 10-year period from 150 in 2000, to 221 in 2005, to 239 in 2010 (p \ 0.001). Total numbers of Level III and IV studies also increased ( Table 2 ). The change in overall proportion of similar to the overall analysis (p \ 0.001, p \ 0.001, p \ 0.001, p \ 0.001, p \ 0.001, p = 0.09), showing an increase with time. Although the change seen in Foot and Ankle International was not statistically significant, the proportion of high-quality studies changed from 18% to 33% to 24%, revealing a positive trend. The Journal of Pediatric Orthopaedics did not show significant changes (p = 0.77) in behavior (26% to 19% to 20%). The Journal of Orthopaedic Trauma did show a significant change in behavior (p = 0.02), however, the primary change seen was in increase the proportion of Level III and IV publications with time (84% to 89% to 97%) (Fig. 4) .
The weighted kappa values were 0.791 for the orthopaedic residents and 0.842 for the attending surgeons. Residents and faculty had similar accuracy (p = 0.209, Mann-Whitney test). The subgroup of residents which rated the articles in the study also were not different from faculty (p = 0.6221, Mann-Whitney test). Residents correctly determined the LOE for 77% ± 13% of the 20 selected manuscripts (15.4/ 20 papers). Attending surgeons determined the correct LOE 81% ± 13% of the selected manuscripts (16.1/20 papers). Of the 260 article identifications performed by the 13 residents, 200 were performed correctly (77%). Only 1% (three articles) would have led to a Level I or II study being incorrectly identified as a Level III or IV study. Approximately 5% (13 articles) would have led to a Level III or IV article being identified as a Level I or II study. Of the 260 identifications performed by the 13 faculty members, 217 were identified correctly (83%). Of the identifications, 0.3% (one article) classified a Level I or II as a Level III or IV, and 4% (11 articles) classified a Level III or IV as a Level I or II.
Discussion
Efforts to evaluate the quality of therapeutic studies published in medical and surgical specialty journals have been reported [3, 5, 11, 17, 24, 32] . The primary purpose of our study was to quantitatively analyze the orthopaedic subspecialty literature before, around, and after the introduction of LOE to orthopaedics to determine if the overall number and proportion of high-quality publications (Levels I and II) had improved. Additionally, we wanted to determine if a similar behavior was seen in each specific subspecialty journal. Finally we wanted to evaluate the interobserver reliability of grading LOE.
Our study has some limitations. First, LOE is not a comprehensive scale for research quality. It primarily reflects the inclusion of randomization, cohort studies, and control groups. Not all Level I studies are equally good or provide equally good evidence. High-quality articles (Levels I and II), however, generally do include some randomization, and Level III studies include control groups; including these practices in therapeutic publications is likely to lead to better, more reliable recommendations. Second, articles in journals that do not directly report the LOE on each article were rated by one observer. Thus, we cannot study either the validity of the rating or the validity of LOE as a rating system. Errors made by these observers could be reflected in the counts of articles analyzed for the study data. Based on the high interobserver reliability in our study and others [2, 4, 17, 32] , it is unlikely that this had a significant effect on our conclusions. Third, not all of the journals behaved similarly. Fourth, only three discrete years were chosen for review, introducing possible sampling bias. Fifth, it is not necessarily obvious what the correct ratio of studies should be. Generally, higher-level studies are required to answer comparative I  II  III  IV   Spine   2000  19  42  47  128  236  743   2005  33  50  56  98  237   2010  30  62  75  103  270   JOT   2000  5  2  11  25  43  143   2005  1  3  14  19  37  2010  3  1  16  43  63   FAI   2000  2  10  15  41  68  252   2005  3  28  16  48  95   2010  4  17  26  42  89   Hand   2000  0  4  7  23  34  161   2005  1  5  8  25  39   2010  5  5  17  61  88   Arth   2000  6  12  5  66  89  353   2005  13  13  10  73  109   2010  14  18  24  99  155   JSES   2000  4  2  2  31  39  201  2005  10  5  1  52  68   2010  12  14  19  49  94   AJSM   2000  3  10  11  32  56  292   2005  12  20  12  42  86   2010  10  20  46  74  150   JPO   2000  3  26  30  52  111  352   2005  2  22  37  60  121   2010  0  24  39  57  120   Totals   2000  42  108  128  398  676  2497   2005  75  146  154  417  792   2010  78  161  262 effectiveness questions and address issues where biologic variability plays a large role in the outcome. It was expected, however, that recognition of the value and need for higherlevel studies would in turn lead to a larger number and proportion of high-level studies being done. The results of our study show that there have been increases in total number and proportion of high-quality studies in the orthopaedic literature. Other areas of medicine have shown similar trends [8, 15, 29, 33] . Recognition of the importance of high-quality research in performing reliable therapeutic studies seems to have produced a change in behavior. However, while the proportion of these studies has improved significantly with time, there remains a predominance of Level III and IV studies. This finding is consistent with results from other studies in the orthopaedic literature [4, 17, 27, 32] . Although there is value in these lower-quality studies, higher-quality studies generally are better at removing bias, isolating confounders, and providing reliable data for further clinical practice. As such, it benefits clinicians, researchers, and patients to attempt to produce the highest-quality data possible to answer questions related to clinical practice. Voleti et al. [27] witnessed a similar behavior when they evaluated papers and posters presented at the American Academy of Orthopaedic Surgeons (AAOS) annual meetings from 2001, 2003, 2007, and 2010 . They saw in increase in the proportion of Level I and II presentations from 2001 to 2010 (17% to 36%). However, Level III and IV presentations continued to outnumber those of high quality in 2010 (824 to 465). Donegen et al. [7] reported that AAOS presentations have only a 49% publication rate in peer-reviewed journals after 5 years. Voleti et al. [28] found that at 5 years. 72% of Level I and II presentations and 46% of Level III and IV presentations were published. This would suggest that the proportion of high-quality publications will further increase with time. However, when translated to number of publications, this represented 44 high-quality articles and 105 lesser-quality papers [28] . Despite the AAOS Annual Meeting generally representing the current pulse of orthopaedic research, presentations made there do not represent the entirety of orthopaedic research and literature.
Similar behavior is seen in different subspecialty journals; however, not all showed significant trends toward improvement. The publications in the pediatric orthopaedic subspecialty [4] . They also noted that the proportion of high-quality LOE decreased from 11% to 9%. They attribute this in part to the difficulties encountered when enrolling children as study participants. This also could be a result of the high number of pediatric disorders with low prevalence. Orthopaedic trauma also has the constraints of enrolling patients owing to the urgent and often emergent nature of the disorders. Despite the apparent general trend toward higher-quality research, the predominance of Level III and IV research also holds true at the subspecialty level. AAOS practice guidelines for common orthopaedic conditions such as carpal tunnel syndrome, symptomatic osteoporotic spinal compression fractures, and distal radius fractures have few recommendations based on Level I or II data, and rely on Level III, IV, and V evidence [9, 12, 14] . Although treatment recommendations for other conditions such as osteoarthritis of the knee are based on a larger number of high-quality studies, the low prevalence of Level I and II studies remains evident [18] .
Finally, we looked at the interobserver reliability of grading LOE using the Journal of Bone and Joint Surgery grading system. Using weighted kappa values, we found that residents and attendings had a substantial or better agreement with the LOE grading performed by the journal. It generally is accepted that kappa values greater than 0.5 indicate a high level of agreement [17, 21, 32 ]. An accurate identification rate (77% and 83%), with a low incidence of misclassification (4% to 5% leading to an inappropriate increase in quality) indicates that LOE is a concept with which faculty and residents are conversant. Our results are consistent with those of other studies that show substantial or better agreement when grading LOE, regardless of experience [2, 4, 17, 32] . In contrast, Schmidt et al. [21] found substantial inconsistency and poor agreement between different observers when grading the LOE of presentations at the 2007 AAOS Annual Meeting. In our study, reviewers had access to the entire published manuscript, whereas in their study reviewers often had access to the AAOS abstract alone, which was limited to 250 words. Furthermore, our study includes a substantially larger number of reviewers than other studies reviewed, and is the first study that we are aware of in orthopaedic literature to compare the ability of orthopaedic residents and attending surgeons to grade LOE.
Our study established that the quality and volume of orthopaedic literature has increased during the last 10 years across all eight studied subspecialties. Despite these changes, much of the literature still consists of Levels III and IV studies. Although high-level data may not be necessary to answer every clinical question, the field should attempt to produce the highest-quality evidence, improving the strength of recommendation of the resulting work. Finally, orthopaedic residents and attending surgeons can consistently differentiate high-and low-level studies with high interobserver reliability.
